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CAA
The MARO pilot project represents the first effort in the country to seek to obtain credit under a Clean Air Act (CAA) State Implementation Plan (SIP) for nitrogen oxide (NO x ) emission reductions. This project came about because of state-funded incentive programs and projects for RE and EE. 1 Specifically, the pilot project focuses on the New Jersey (NJ) SIP and efforts to facilitate attainment of the new, 8-hour ozone standard under CAA by implementing selected categories of RE and EE programs and projects funded by the New Jersey Clean Energy Program (NJ CEP) of the New Jersey Board of Public Utilities (NJ BPU). 2 The project is significant because of the broad scope of the RE and EE programs and projects considered, including: (1) EE projects in new construction and retrofits of commercial and industrial (C&I) and residential buildings and schools (36,000 projects); (2) Energy Star® air-conditioning (50,000 units) and lighting (3.5 million units); (3) high-efficiency central air-conditioning (50,000 units) and ground source heat pumps (1,000 units); and (4) solar photovoltaic projects (344 systems that total 2.5 MW).
During the pilot project, the project team refined and expanded an analytical framework developed by NJ BPU and the New Jersey Department of Environmental Protection (NJ DEP) and conducted its own extensive analysis. The team's analysis, which employed conservative assumptions, indicates that a subset of RE and EE measures implemented under the NJ CEP in 2002, 2003, and 2004 would result in the reduction of at least 240 tons of NO x emissions during the summer season of 2005 alone, based on summer electricity savings and RE generation of approximately 320,000 megawatt-hours (MWh). 3 Based on the expected continuation and growth of the NJ CEP, NO x emission reductions that result from that program and from private investments will likely exceed the current incentive allowance cap of 410 tons annually by 2007.
Preliminary estimates of potential NO x reductions during the summer ozone season of 2012 are 480−950 tons, depending on the specific assumptions that are used for program growth, duration 1 In May 2005, EPA approved the first-ever SIP credit for an RE measure in a SIP. This approval involved a wind purchase included in a revised SIP that was developed by the State of Maryland to meet the 1-hour ozone standard, 70 Fed. Reg. 24987 (May 12, 2005) . Although this wind purchase was precedent setting, it involved only RE and did not include EE measures. It also did not involve state programs to provide financial incentives, such as rebates, to spur RE and EE use. v of measures, and changes in the electricity grid. 4 This analytical foundation also can be applied to estimate annual NO x emission reductions for the period 2008 to 2013 for the NJ SIP for fine particulate matter. It also can be applied to determine carbon dioxide (CO 2 ) emission reductions for New Jersey's participation in the Regional Greenhouse Gas Initiative (RGGI).
The project expanded methodologies to evaluate: (1) the amount of electricity savings; (2) the summer component of the electricity savings; and (3) the NO x emission reductions. 5 Also, approaches were developed to integrate various elements of the federal and state regulatory framework to ensure that RE and EE programs result in real emission reductions. 6 Moreover, the analytical and policy framework developed during the pilot project provides many valuable lessons to other states, including Pennsylvania and New York-two states with direct involvement in MARO's initial pilot project. 7 During the course of the project, the project team resolved challenges in estimating reductions in emissions of NO x , a pollutant that is subject to emissions trading (cap and trade) regulations in New Jersey and most eastern states. Thus, the team needed to integrate elements of: (1) EPA's requirements for crediting NO x emission reductions in SIPs; and (2) the implementation of New Jersey regulations that govern NO x emissions trading, including provisions to establish an RE and EE set-aside of NO x allowances for the summer ozone season.
The work accomplished during the pilot project has already proven useful to other states in developing new NO x emissions trading programs that are required under EPA's Clean Air Interstate Rule. 8 Such work should help states achieve the full air quality benefits of their RE and EE programs. 9 This report contains a detailed list of "lessons learned" that other states can replicate. The pilot project has facilitated the resolution of numerous analytical and policy issues, and provides direction for other states to follow. 4 See pp. 13−17 (infra). 5 The basic methodology for determining energy savings, the NJ Clean Energy Protocols, is attached as Appendix 3. Modifications and expansions are detailed on pp. 27−30 of this report. 6 See pp. 20−27 (infra). 7 Originally, the Mid-Atlantic pilot project was expected to include New Jersey, New York, and Pennsylvania and would parallel a separate State Technologies Advancement Collaborative (STAC) project that focused on regulatory barriers faced by distributed generation in the mid-Atlantic States. Following delays by outside parties in the issuance of the contract for the STAC project and the Request for Proposals associated with this project, MARO decided to revise the scope of the pilot project. 8 70 Fed. Reg. 25162 et seq. (May 12, 2005) . 9 New Jersey has regulatory advantages that facilitated the integration of clean energy and air quality goals that some other states may not possess. For example, New Jersey is one of only seven states that have adopted an EERE set-aside in their NO x emission trading regulations, and New Jersey's regulations contain a stipulated allocation rate that aided the conversion of energy savings into emission reductions. Lessons from the New Jersey experience that are relevant to other states are addressed in substantial detail in the final section of this report, titled "Lessons Learned 14 DOE designated four of its Regional Offices to develop pilot projects to pursue clean energy/air quality integration in the first phase of this initiative. This report summarizes the results of the pilot project in MARO.
The MARO pilot project represents the first effort in the country to seek to obtain credit under a Clean Air Act (CAA) SIP for nitrogen oxide (NO x ) emission reductions that result from statefunded incentive programs and projects for both RE and EE. Specifically, the pilot project focuses on the New Jersey (NJ) SIP and efforts to facilitate attainment of the new, 8-hour ozone standard under CAA through SIP credit for selected categories of RE and EE programs and projects funded by the Clean Energy Program (CEP) of the NJ Board of Public Utilities (BPU). The project is significant because of the broad scope of the RE and EE programs and projects considered, including: (1) EE projects in new construction and retrofits of commercial and industrial (C&I) and residential buildings and schools (36,000 projects); (2) Energy Star® airconditioning (50,000 units) and lighting (3.5 million units); (3) high-efficiency central airconditioning (50,000 units) and ground-source heat pumps (1,000 units); and (4) solar photovoltaic (PV) projects (344 systems that total 2.5 MW). 15 
New Jersey Clean Energy Program
The current NJ CEP began in 2001. It is funded by a "societal benefits charge" of more than $100 million annually, 16 20 This capacity represents five to six acres of PV panels.
New Jersey NO x Cap-and-Trade Program
Pursuant to the 1990 Amendments to CAA, EPA issued the NO x SIP Call, which required certain states to issue regulations that impose limits (a cap) on NO x emissions. The regulations also established a NO x emissions trading program to, among other things, reduce the cost of implementation to electric utilities.
In response to the NO x SIP Call, New Jersey issued NO x budget regulations 21 that included several components, such as an incentive reserve for RE and EE. 22 The New Jersey Department of Environmental Protection (NJ DEP) has incorporated the total emissions cap under its NO x budget regulations into its attainment demonstration for the 1-hour ozone standard.
The New Jersey incentive reserve set aside 410 NO x allowances that could be claimed by customers who saved electricity and owners and operators of RE projects. These incentive allowances can be traded or sold as an inducement to encourage RE and EE measures. 23 A project owner or energy customer can also "retire" such allowances, which will reduce the total emissions cap and help the state attain the ozone standard. 20 See Appendix 2 for a complete list of CORE projects during this period. 21 The project team relied on calculations that were conducted by the NJ CEP for step 1; step 2 involved applying a summer season "allocation factor" to the estimate of annual electricity savings, and step 3 required that a "conversion factor" be applied to convert summer electricity savings into summer emission reductions. During this process, we identified step 4, and we employed a "degradation factor" to determine this quantity. Details of the analysis follow.
Annual Electricity Savings
The first step-the calculation of annual electricity savings-was based on the official protocols developed by the NJ CEP. 25 New Jersey has directed extensive effort into data tracking and estimating the electricity savings of various installed EE measures. For each type of technology, the protocols spell out the methodology used to estimate annual electricity savings. This approach is used in the program's annual reports and in periodic cost-benefit analyses.
Thus, under the New Jersey energy saving protocols, electricity savings are not measured directly for each piece of equipment, but are calculated based on the characteristics of the installed technology. This approach greatly simplifies the data tracking and measurement procedure. The protocols compare a piece of equipment, such as a CFL, an Energy Star air conditioner, or a highly efficient industrial motor, to the average new model of that type and size. The protocols also take into account the typical hours of operation of that type of equipment at a specified facility (school, C&I, or residential). The savings stipulated by the protocols are based on almost 10 years of direct measurement.
For example, a CFL installed at a residential location is assumed to save 42 watts compared to a standard new light bulb, 26 and to provide these savings for 2.5 hours/day. Thus, each CFL is assumed to save 38 kWh/year at the customer side, and 42 kWh of generation. 27 For the Energy Star homes program, home energy rating software is used to evaluate energy savings for each building constructed. 28 The value of the New Jersey protocols is that they eliminate the need for tracking electricity savings for each piece of equipment and greatly simplify the energy savings estimation process. Such an approach would be unnecessarily burdensome in most cases. However, individual tracking may be a valid approach where there are only a few instances of a technology, or where the energy generation or savings of individual units are particularly large.
Summer Season Electricity Savings
The second step-estimating summer ozone season electricity savings-is derived from "summer season allocation factors" specified by the protocols. In its annual reports, the NJ CEP uses the summer season allocation factors to determine the cost savings associated with various EE measures. This allocation is required because electricity tends to cost more in the summer. The summer season, as defined by the allocation factors, runs from May 1 through September 30, matching the ozone season. The project team used the allocation factors to identify NO x emission reductions during the summer ozone season when such factors were available.
In some cases the New Jersey protocols do not provide allocation factors, and the project team used other resources to identify the fraction of electricity savings that occurs during the summer season. In particular, the team employed allocation factors provided in the Emission Reduction Workbook developed for the Ozone Transport Commission (OTC). 29 Factors listed in the OTC Emission Reduction Workbook are well established and accepted by industry practitioners.
Baselines
A baseline must be determined to establish electricity savings from EE programs. New Jersey officials, as well as our own project team, measured the electricity savings of the New Jersey EE programs against a "business-as-usual" baseline case that assumes the program was not implemented. For example, these baseline methodologies quantify the electricity savings benefit of a new high-efficiency air-conditioning system by comparing this system to the average new system of that size that conforms to current applicable codes and standards.
The New Jersey and pilot team methodologies are consistent with the standard methods for computing baselines for electricity savings. Such methods do not compare the new system to the previous system or to the average system, but rather to current standard technology. If, for example, a building consumes 4000 MWh/year less than before the energy-efficient equipment was installed, this amount is not used as the total savings. Improved technology and standards dictate that some degree of energy savings improvement must be used to determine the baseline. Models used by the Energy Information Administration 27 Assumed transmission and distribution losses are 11%, according to the protocols. 28 This approach will be required in other states, as it is required by the Energy Star homes program. 29 The OTC Emission Reduction Workbook 2.1, Synapse Energy Economics, 2001. The allocation factors used for the NJ CEP's cost-benefit analysis could not be directly employed in certain cases. However, they did confirm the accuracy of other resources, such as the OTC Emission Reduction Workbook. and other energy experts assume that old equipment will wear out and be replaced by newer and more efficient equipment. Under these models, the installation of a typical new system is considered business as usual and not surplus energy savings, even if the new system results in some savings from the previous levels of electricity consumption. Some degree of improvement is already incorporated into projections used to develop SIPs.
A second component of the baseline determination involves identifying the impact of the electricity savings. If New Jersey did not implement its EE programs, additional electricity generation would be necessary to meet the increased load. Therefore, the type of technology that would have been used to meet this additional load needs to be projected. As recommended by EPA, the pilot team looked at the direct and immediate impact on fossil fuel plants. 30 
Modified Excerpts from New Jersey Clean Energy Program Protocols to Measure Resource Savings
Basic Methodology
Electric Demand Savings = ∆kW = kW baseline -kW energy efficient measure Electric Energy Savings = ∆kW × EFLH EFLH = Equivalent Full Load Hours of operation for the installed measure. Electric Peak Coincident Demand Savings = ∆kW × Coincidence Factor Electric Loss Factor: The electric loss factor applied to savings at the customer meter is 1.11 for both energy and demand. The electric system loss factor was developed to be applicable to statewide programs. Therefore, New Jersey used average system losses at the margin, based on PJM grid data (referes to the PJM Interconnection region, which includes New Jersey, Pennsylvania, Maryland, and neighboring states). This approach reflects a mix of losses that occur relative to delivery at various voltage levels. The 1.11 factor used for both energy and capacity is a weighted average loss factor and was adopted by consensus.
Example: Central Air Conditioner
Energy Impact (kWh) = CAPY/1000 × (1/SEER b -(1/SEER q × (1-ESF)) × EFLH CAPY = Cooling capacity (output) of system SEER b = The Seasonal Energy Efficiency Ratio of the Baseline Unit (set at 10). SEER q = The Seasonal Energy Efficiency Ratio of the qualifying unit installed. These data are obtained from the application form based on the model number. ESF = The Energy Sizing Factor or the assumed saving that results from proper sizing and installation (set at 17%). EFLH = Equivalent Full Load Hours of operation for the installed measure (set at 600 hours for cooling).
Note: This text is based on the September 2004 New Jersey Protocol document and has been modified for illustrative purposes. A complete detailed list of the New Jersey energy-saving protocols may be found in Appendix 3 and at www.njcleanenergy.com/media/Protocols.pdf.
Avoided Emissions Rate and Tons NO x Avoided
The third step in the energy savings and emission reduction quantification methodology is to determine the NO x emission reductions that are achieved for a given electricity saving. Under the New Jersey NO x emission trading regulations, this conversion factor is specified as 1.5 lb for each megawatt-hour of energy savings (1.5 lb/MWh). Under the regulations, this conversion factor is fixed even if the actual emission reductions are greater than this amount. 31 Therefore, the actual avoided emissions need to meet or exceed the stipulated emission reductions.
Degradation Factor
When calculating the ongoing electricity savings from projects installed in previous years, the team decided that employing a degradation factor would be conservative and useful. The degradation factor accounts for some changes that may occur to an EE improvement: (1) equipment deteriorates over time, especially if maintenance is inadequate; (2) some equipment may be removed before the end of its useful life; and (3) a degradation factor can offer a substitute for estimating the lifetime effectiveness for specific types of efficiency measures.
Our calculations include a degradation factor of 15%/year for EE measures. For example, energy savings from 2004 measures are credited fully in 2005, but at 85% of their previous value in each successive year. To be conservative, a high figure is used as a placeholder until more precise calculations are conducted. Though using a single overall factor to all measures simplifies the calculation process, using different factors for different types of measures may be more accurate. 
Renewable Energy
For RE generation, 33 the methodology for calculating the annual and summer ozone season avoided NO x emissions consists of three steps:
1. Calculate the annual and summer ozone season electricity generation of the renewable source. 2. Estimate the annual and summer ozone season NO x emission reductions. 3. Estimate the electricity generation and NO x reductions of previously implemented projects.
Thus, the emission reductions that result from RE are easier to quantify than those that result from EE. The baseline is simply the case in which the project was not implemented. The business as usual scenario assumes a negligible amount of RE and does not include projects that are implemented as a result of the NJ CEP. Therefore, all RE generation that is implemented through the NJ CEP is surplus and not included in the baseline.
31 N.J.A.C. 7:27-31.7(e)3.i. 32 Examining varying degradation factors is beyond the scope of this initial pilot project. 33 The New Jersey regulations limit claims for incentive allowances to equipment that commenced operation in 1992 and thereafter and that generates electricity through one of the following "environmentally beneficial techniques": (1) Generation through the burning of landfill gas or digester gas; (2) generation by a fuel cell; (3) generation using solar energy or wind power; or (4) generation through another environmentally beneficial technique approved by DEP. N.J.A.C. 7:27-31.8(c)
Annual and Summer Season Renewable Energy Generation
The first step is to calculate the annual and summer season electricity generation of the renewable source. The project team employed standard methodologies to estimate annual and summer season energy generation from PV projects based on the rated installed capacity.
The annual and summer ozone season electricity generation for the 344 completed solar projects supported by the CORE program was calculated with the PVWATTS model (see Figure 1) , 34 which was developed by NREL. NREL developed this model to provide a calculator for estimating the monthly generation of specified PV units on a per-kilowatt basis of installed capacity. With this tool, annual and monthly generation are provided simultaneously, so identification of annual and summer season energy production can be considered in a single step. The calculation is based on measurements of incident solar radiation recorded at observation stations in all 50 states.
PV Watts
PVWATTS calculates electrical energy produced by a grid-connected photovoltaic (PV) system. Researchers at the National Renewable Energy Laboratory developed PVWATTS to permit non-experts to quickly obtain performance estimates for grid-connected PV systems within the United States and its territories. The grid cells indicate solar resource in kWh/m 2 /day.
Figure 1. PVWATTS model
Because New Jersey is relatively small on a geographic scale (compared to Florida or California), the project team used a representative factor based on examination of three areas across the state to apply the PVWATTS model to New Jersey. The PV systems were grouped into 21 categories according to orientation and inclination. For example, the largest group (by capacity) consisted of systems that are oriented generally southward (160°−220°) at a tilt of 30°−39°. This group was modeled as orientation of 180° (south) and an inclination of 35°. The second-largest group consisted of systems with an inclination less than 10°; these were modeled as flat-roof systems (which, in fact, most were). 35 We calculated an average annual generation rate of 1,191 kWh/kW of installed capacity for the New Jersey solar PV projects. 36 The generation rate for the five-month ozone season is 597 kWh/kW of installed capacity. The total annual generation from the solar electric capacity of 2,521 kW is 3,003 MWh and the ozone season generation is 1,505 MWh.
Avoided Emissions Rate and Tons NO x Avoided
A solar electric system produces no direct emissions. Moreover, solar electric displaces emissions from fossil fuel generating sources such as natural gas or coal-fired generation. As with EE measures, the New Jersey NO x regulations stipulate the allocation of incentive reserve allowances at a rate of 1.5 lb/MWh. This rate is applied to all nonemitting RE systems.
Degradation Factor
Similar to EE, when calculating the ongoing renewable generation from previous years, the team decided that a degradation factor should be applied. The actual deterioration of solar panels can be quite small: well-maintained systems may experience output declines of less than 1%/year. However, systems that are not well maintained may be shaded, soiled, or have inverter failures or other problems. For this analysis, we used a degradation factor of 5%/year for solar PV systems. As with EE, this is a conservative factor that accounts for deterioration and system failures, and obviates the need for a fixed system lifetime.
A degradation factor of 5%/year implies that, by the end of 2012, the systems installed in 2004 will be, on average, at two-thirds of their original capacity. Some systems will have failed or been removed, but many will still be operating at almost their original capacity. NJ CEP conducts quality assurance tests through a random routine inspection of 10% of the larger (10 kW or greater) systems by comparing the estimated energy production with the inverter display. This sampling is conducted as part of the state's Solar Renewable Energy Certificate (SREC) trading system. These data could be used in the future to more precisely estimate the actual degradation factor. These refined estimates might provide the basis for a lower degradation factor. 35 For variations and the uncertainties associated with the weather data and the model used to model the PV performance, future months and years may be encountered where the actual PV performance is less than or greater than the values shown in the table. The variations may be as much as 40% for individual months and up to 20% for individual years. Compared to long-term performance over many years, the values in the table are accurate to within 10%−12%. The model also assumes a standard combined default factor of 0.77 for inefficiencies in conversions from DC power to AC power. 36 The category with the highest annual generation included south-facing systems of 30°−39° inclination; these were deemed to have an annual generation of 1,263 kWh/DC kW.
Analysis and Results
Energy Efficiency
Our • The determination of the baseline for this analysis was limited only to the specific NJ CEP programs that were covered in our analysis of emission reductions for the 2005 ozone season.
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• Estimates provided by the NJ CEP for future years project a growth of 20%/year for EE programs and 40%/year for RE programs. These projections are based on a New Jersey goal of a 10% increase in energy savings per dollar invested and annual increases in funding of approximately 10% for EE and 30% for RE.
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• The fraction of summer electricity savings remains at 46.38% of annual savings, and the fraction of summer PV generation remains at 50.13% of annual PV generation. This rate is estimated to decrease by 5%/year after 2008; the credited value will be the lesser of the actual rate or the stipulated rate of 1.5 lb/MWh. 42 The annual degradation factor is 15% for EE and 5% for RE, which reflects the relatively short lifetimes of many EE measures such as lighting, which accounts for a significant fraction of savings; and renovation or remodeling may also reduce EE measures.
To illustrate the sensitivity of our assumptions, four alternative scenarios are presented for comparison:
Base Case Scenario: First Alternative Scenario − Low Growth: Table 3 shows the avoided emissions with the program electricity savings growing only as fast as the program budget, rather than the higher rates assumed in the base case scenario. All other assumptions are the same as the base case. This scenario illustrates the impact of the state's goal for the NJ CEP of improving energy saved per dollar invested by 10%/year. If that goal is not met, and energy savings grow only as fast as the program budget, avoided emissions in 2012 are one-third less than they are in the base case.
Second Alternative Scenario − Sustained Measures: Table 4 shows the avoided emissions with the degradation factors set at 5%/year for EE and 2.5%/year for RE instead of 15% and 5%, respectively. All other assumptions are the same as the base case. This scenario shows avoided emissions in 2012 that are nearly one-third higher than those in the base case. The lower degradation factors are reasonable (and in fact conservative) for systems that are properly maintained and monitored. 43 NJ CEP can ensure a higher level of avoided emissions in future years by demonstrating the continued performance of previously implemented RE/EE measures. C&I facilities that benefit from EE improvements through NJ CEP should be encouraged to take steps to ensure the continued performance of their new systems.
Third Alternative Scenario − Clean Grid: Table 5 shows the avoided emissions with the actual avoided emissions rate falling by 10%/year instead of 5%/year after 2008. All other assumptions are the same as the base case. Expedited reductions in NO x emission rates from power plants would lower the amount of NO x avoided by RE and EE measures. However, many power plants have already implemented the most cost-effective pollution controls available and have less room for improvement. NJ DEP considers that the reduction in NO x emission rates will probably slow after 2008. Table 6 shows the impact of New Jersey meeting its RE goals by 2012. These goals are 300 MW of RE, including 90 MW of PV. The non-PV RE is assumed to be 50% wind and 50% biomass (landfill gas, possibly in fuel cells), with a wind capacity factor of 35%, a wind seasonal allocation factor of 40%, a biomass capacity factor of 75%, and a biomass seasonal allocation factor of 45%. 44 This case involves considerable speculation about the performance of wind and biomass systems.
Fourth Alternative Scenario -Full Renewable Energy:
If met, New Jersey's RE goal would lead to a significant reduction in emissions by 2012, primarily because of the non-PV RE component, which attains a larger capacity and a higher capacity factor than PV. 
Summary of Scenarios:
Varying each of these assumptions leads to markedly different results. The projection of the avoided NO x emissions rate under each alternative assumption is particularly important. Because of these differences, NJ DEP should consider an analysis of the projected summer season NO x rate of dispatchable fossil fuel electric generation facilities. Also, demonstrating the sustained performance of previously implemented EERE measures and continued improvements in the cost effectiveness of the NJ CEP will be important. 47 NJ DEP has indicated that the Growth/New Source Reserve is unlikely to be fully utilized. 45 The DEP issued 47 incentive allowances to private parties in 2004. 46 
Tons of NOx
Policy Issues
Interface between State Implementation Planning Process and State Cap-and-Trade Regulations
One of the major challenges of this pilot project was to develop an approach to ensure that RE and EE programs result in real reductions in emissions of NO x , a pollutant that is subject to emissions trading (cap-and-trade) regulations in New Jersey and most eastern states. The SIP process under CAA Section 110 is the mechanism to account for emission reductions. 48 Under EPA's 2004 guidance, states can receive emission reduction credit in their SIPs for RE and EE measures that reduce NO x emissions and help achieve the 8-hour ozone health standard, under specified circumstances. 49 Currently, states in the eastern United States have caps on NO x emissions from electric generating units (EGUs) through regulations that implement EPA's NO x SIP Call. Beginning in 2009, these caps in 28 states and the District of Columbia will be governed by new regulations that are being developed by the states that implement EPA's new CAIR. 50 As a result, credit for RE and EE projects must be provided in a way that avoids double counting. According to EPA's Guidance, the states will need to ensure that the emissions trading cap for NO x and the number of allowances allocated to fossil-fuel generators are reduced commensurate with the level of emission reductions that result from EERE projects and programs.
This can be accomplished in one of two ways:
• Baseline Approach − Incorporates the estimated effect that the RE and EE programs have on emissions within the projected emissions inventory baseline and provides a corresponding decrease in the emissions cap. This decrease in the emissions cap to account for the RE and EE programs can be accomplished by issuing CAIR regulations that adjust the EPA-established state cap at the outset through an attainment reserve, public health reserve, or similar mechanism.
• Control Measures Approach − Incorporates emission reductions from individual control measures such as a regional wind purchase or solar programs in schools (or as part of a voluntary bundle of control measures), and provides a corresponding decrease in the emissions cap. The decrease in the cap can be accomplished by retiring allowances that have been allocated to RE and EE projects through a set-aside or output-based regulations issued under the state's NO x budget or CAIR regulations. In other words, to achieve SIP credit under either approach, the state must either omit a certain fraction of allowances from distribution (thereby lowering the NO x emissions cap at the outset) or require the retirement of any such allowances allocated to EERE owners and operators. Otherwise, the emissions would be allowed within the trading program and could be double counted.
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The justification for EPA's approach is that EERE activities are unlikely to result in emission reductions of a capped pollutant, particularly in the near term, unless the state lowers the cap directly or retires allowances (the authorization to emit a ton of NO x ) to account for the reduction in demand from fossil fuel generators caused by the EERE measures. According to EPA, the cap-and-trade program allows the same emissions from fossil fuel-fired generation, no matter how much generation these sources are called upon to meet demand. EPA is concerned that fossil fuel generators are likely to take the allowances made available when coal, natural gas, or oil generation is displaced by RE and EE measures and either use such allowances or sell them to other generators. This results in the continued emissions of NO x at the capped amount and the failure to provide surplus emission reductions.
As EPA states in its Guidance:
Cap and trade programs are enforced through the issuance of a limited number of allowances (authorizations to emit) that are equal to the emissions cap. Through trading and banking of these allowances, individual sources can vary their emissions as long as the aggregate emissions for all sources do not exceed the allowances issued. By limiting total mass emissions for the category of sources, cap and trade programs automatically account for any action that reduces emissions, including energy efficiency and renewable energy.
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Under the base case scenario for the NJ CEP, NJ DEP could lower the NO x emissions cap by 520 allowances on average for the summer ozone season from 2007 through 2012, which is equivalent to an average emission reduction of 3.4 tons of NO x per summer day. Because NJ CEP will increase the market for RE and EE and the integration pilot will raise the visibility of the Incentive Allowance Reserve, private parties will probably claim additional allowances.
Claims for New Jersey Incentive Allowances
Under its current emissions trading regulations, New Jersey has included a set-aside of NO x allowances for certain RE and EE activities. 54 This is called the "incentive allowance" pool and 52 Id., p. 18. 53 Id. p. 9. 54 Under the incentive allowance regulations, the following two categories of entities are specifically listed as eligible to submit an annual claim for allowances: (1) New Jersey electricity consumers who reduce electricity consumption by implementing an EE measure initiated in 1992 or thereafter (subject to certain additional conditions); and (2) owners and operators of equipment that commenced operation after 1992 that generates electricity through certain environmentally beneficial techniques defined as generation by burning of landfill gas or digester gas, fuel cell, solar energy or wind power, or equipment that generates electricity by another environmentally beneficial technique approved by the DEP. N.J. 7:27-31.8.
is distributed at the rate of 1.5 lb/MWh with a current cap of 410 allowances. 55 If the incentive allowance pool is oversubscribed, these allowances are distributed pro-rata. 56 Under current NO x budget regulations, unused allowances can be transferred from the Growth/New Source Reserve, thereby increasing the number of incentive allowances distributed. However, the adequacy of the post-2008 allowances for RE and EE will depend on the specifics of the NJ CAIR regulations, which have not yet been issued.
The regulations do not directly authorize the issuance of allowances to an entity that aggregates allowances on behalf of energy-saving electric consumers or owners or operators of environmentally beneficial techniques. However, the regulatory history of the regulation, contained in the NO x Budget Rule Adoption Document (government response to comment 123), indicates that "the rules adopted herein do not preclude the submittal of a claim on behalf of the owner or operator of [a] project eligible for submitting a claim. Neither do the rules preclude aggregating several different projects into a single claim."
In addition, a precedent has been established for the award of allowances from the incentive reserve to an energy services company named SYCOM on behalf of its clients who contracted for EE projects.
Developing SIP Control Measures that Meet EPA Requirements
If a state proceeds with a SIP to seek approval of individual control measures for RE and EE, it will need to demonstrate to EPA that its emission reductions will be surplus, quantifiable, enforceable, and permanent. 
Surplus Requirement
EPA notes in its SIP Guidance that "the surplus requirement is especially important in areas subject to a cap and trade program." 58 However, the Guidance emphasizes that:
One acceptable way of achieving additional emission reductions from energy efficiency and renewable energy measures in the presence of a cap and trade program is through the retirement of allowances commensurate to the emissions expected to be reduced by the energy efficiency measures. The retirement of allowances provides some level of assurance that the energy efficiency measures will achieve emission reductions that are surplus to the emission reductions under the cap and trade program. 59 (emphasis added)
As a result of this guidance, NJ BPU and DEP have worked together under this pilot project to plan an approach for retiring allowances that are obtained by BPU under the incentive allowance program. This should provide a key element to help meet the surplus requirement.
In addition, if emission reductions from RE and other measures are included in individual control measures, they cannot be included in the baseline emissions inventory for a SIP to meet the 8-hour ozone standard. This element is crucial to ensure that emission reductions are not double counted and that they are surplus and have not been otherwise relied on to meet air quality attainment requirements.
55 N.J.A.C. 7:27-31.7(e). 
Quantifiable Requirement
Another key component of EPA's regulations and SIP Credit Guidance is a demonstration that the NO x emission reductions that result from the NJ CEP are quantifiable. During the course of the pilot project, EPA officials advised informally that this test might be simplified because of the stipulation of the New Jersey regulations that fossil fuel emissions are displaced by RE and EE at a rate of 1.5 lb/MWh. EPA officials have indicated that some basic analysis should be conducted to demonstrate that the avoided emissions associated with the displaced fossil fuel generation are no less than the presumed rate of 1.5 lb/MWh.
The project team evaluated several methodologies to support the quantifiable requirement and to demonstrate that the avoided emissions were in fact greater than 1.5 lb/MWh. The team determined that the best methodology available for the purposes of the pilot project was to estimate the generation-weighted average NO x rate of New Jersey fossil fuel plants. This methodology would provide a reasonable approximation of the marginal emissions rate without the time and expense of a complete grid system dispatch analysis.
The analysis included only facilities that were fossil fuel powered for their primary source of input energy, including those that burn coal, natural gas, and petroleum fuels. Under this generation-weighted approach, the estimated avoided emissions are driven by facilities that contribute the most generation to the system.
Initially the primary data source for this methodology was EPA's eGRID database 2002, which was last updated with emission rates from 2000. 60 However, the mix of fossil fuel generating facilities in New Jersey has changed significantly since 2000. As a result, the project team used more recent estimates, provided by NJ DEP, of NO x emission rates for 2003 to 2008. 61 These rates represent the generation-weighted average of NO x budget units in the state; they include all fossil fuel generating plants with a capacity greater than 15 MW. These and other methodologies are discussed in greater detail in Appendix 4.
Under the New Jersey regulations, RE generation uses the same 1.5 lb/MWh rate for avoided NO x emissions as EE. This rate is fully applicable for zero-emission renewable sources such as solar electric generation. 
Enforceabity Requirement
If a state pursues SIP credit for RE and EE projects as individual control measures, it must also meet the enforceability test under EPA's voluntary measures policy. 63 62 In comparison, certain RE sources such as landfill gas systems not only produce electricity but also produce some NO x emissions of their own and reduce emissions that would be produced by the alternative disposal of that landfill gas (typically flaring). In such cases, the net avoided emissions-the emissions produced by the landfill gas engine minus the sum of 1.5 lb/MWh (for the avoided generation of fossil fuel-fired electricity and the emissions that would be produced from flaring the landfill gas) must be calculated. 63 typically result in emission reductions at fossil fuel generating plants located some distance from the RE or EE activities. Although such measures are not enforceable against the direct emitting sources, they are enforceable against the entities such as state and local governments that undertake such activities. 64 If a SIP revision is approved under the voluntary measures policy, a state is responsible to ensure that the reductions credited in the SIP are made. The state would need to make an enforceable SIP commitment to monitor, assess, and report on the emission reductions that result from the voluntary measure, and remedy any shortfalls from forecasted emission reductions in a timely manner. For voluntary and emerging measures that cover stationary sources, a presumptive limit of 6% of the total reductions is needed to meet any requirements related to attainment or maintenance of the air quality standards or reasonable further progress or rate of progress, as described in the policy. 65 A separate limit of 3% applies to voluntary mobile source programs. Thus, there is a presumptive 9% limit on the inclusion of voluntary and emerging measures in a SIP, although a state may seek case-by-case EPA approval of a higher limit. 66 Recently, EPA issued a new guidance document on incorporating bundled measures in a SIP, 67 which should facilitate efforts by states to meet the enforceability requirement with voluntary SIP control measures. As stated in EPA's transmittal memorandum to regional air directors:
The guidance supports the development of additional emissions reductions from innovative approaches by describing how States can identify individual voluntary and emerging measures and "bundle" them into a single SIP submission. The emissions reductions for each measure in the bundle would be quantified and, after applying an appropriate discount factor for uncertainty, the total reductions would be summed together in the SIP submission. After SIP approval, each individual measure would be implemented according to its schedule in the SIP. It is the performance of the entire bundle (the sum of emissions reductions from all the measures in the bundle) that is considered for SIP evaluation purposes, not the effectiveness of any individual measure.
In other words, by grouping a set of voluntary control measures into a bundle, the state minimizes the chance that it will experience a shortfall later when the effectiveness of the measures is evaluated. By averaging the contribution of multiple measures, overperformance of some measures will likely compensate for underperformance of others.
Permanence Requirement
EPA's SIP Guidance requires that a control measure "should be permanent throughout the term for which the credit is granted unless it is replaced by another measure or the State demonstrates in a SIP revision that the emission reductions from the measure are no longer needed to meet applicable requirements." The guidance emphasizes that the emission reductions will qualify as meeting the permanence test even if the emission reductions change over time or vary from season to season. 68 Thus, NO x emission reductions that result from the BPU's CEP will satisfy the permanence test even if the reductions from efficiency measures decline over time or the RE generation varies from one season to another. However, New Jersey will need to ensure that the estimated emission reductions are delivered.
One way states have sought to address the fact that the impact of emission reductions from RE and EE measures is often variable during the term of the SIP is through the bundled measures approach addressed earlier. Maryland incorporated this creative approach in its SIP revision to meet the 1-hour ozone standard, 69 and this example was showcased by EPA at its 2004 Air Innovations Conference. 
The Purpose and Uses of Allowances
The initial purpose of the New Jersey incentive allowance for EE and EE (and similar NO x allowance set-asides adopted by six other states) 71 was to provide a financial incentive to entities that adopt such pollution prevention projects. Thus, issuance of such allowances to RE and EE developers was designed to offset the cost of installing such projects and spur increased use.
In the past few years, state officials have recognized that the reduction of the NO x emissions cap (either through a direct reduction at the outset or by retiring NO x allowances) is a prerequisite to SIP credit in a state with a NO x cap-and-trade program. As stated previously, 72 RE and EE activities are unlikely to result in emission reductions of a capped pollutant unless the state lowers the EPA-established cap directly or retires allowances to account for the reduction in demand from fossil fuel generators that results from the RE and EE measures.
During the pilot project, participants discussed their interest in ensuring that two goals-spurring increased EERE development and achieving improved air quality-could be accomplished. For example, an approach that balances both goals might allow applicants for NO x allowances to either sell or retire such allowances.
A recent presentation by Kevin Rackstraw of Clipper Wind Energy has underscored the monetary value in the Renewable Energy Credit (REC) market of NO x allowances awarded to RE generators under a well-structured allowance allocation program. 73 According to Mr. Rackstraw, this monetary value accrues in the REC market with the retirement of NO x allowances, and can greatly enhance financing opportunities. 74 73 It is important to recognize the difference between the RECs and emission trading markets that involve NO x allowances. In essence, RECs and allowances are two separate trading currencies. However, energy marketers have begun to recognize that the value of a REC can be increased if the REC is sold in conjunction with an allowance that can be retired because this REC will then ensure emission reduction of the capped pollutant. 74 See the Web site of the American Wind Energy Association for a copy of this presentation. www.awea.org/seminars/past_events.html.
Analytical Issues
Energy Efficiency
During this project, the team worked to resolve analytical challenges in a number of areas. These challenges included estimating the electricity savings, the summer season electricity savings, and the emission reductions.
In many cases, the reporting mechanisms established by the NJ CEP resolved important issues. In other cases, experts from NJ BPU and NJ DEP were able to clarify key points. However, the project team sometimes had to refine and expand the methodologies.
One of the major challenges was the estimation of summer season energy savings. This factor is essential because the current ozone regulations focus on NO x emissions during the summer ozone season. In addition, the annual and quarterly reports currently prepared by the NJ CEP do not provide sufficient detail on C&I EE improvements that are necessary to estimate summer season energy savings. The reports provide aggregated data on C&I electricity savings combined with information on the number, but not the size of electricity savings or of specific measures such as motors, chillers, or lighting controls. Unfortunately, many types of C&I measures have significantly different seasonal load profiles that have result in varying summer season electricity savings.
In this situation, the project team employed the OTC Workbook seasonal allocation factors specified for "Commercial Comprehensive New Construction Design." This approach was selected because this category includes a range of efficiency measures. Based on this factor, we 75 NJ CEP has access to data on C&I energy savings by type of measure through the utilities. 78 In future years, the program will have the data readily available. NJ CEP could conduct an analysis to determine whether the project team's estimated allocation factors are reasonable. A significant overrepresentation or underrepresentation of measures with high seasonal variability, such as HVAC systems, could lead to revisions of the projected emission reductions.
Another area of uncertainty that the project team confronted was the definition of HVAC." NJ CEP provided data on the number of units that were categorized as central air-conditioning or heat pumps, as well as the annual electricity savings that result from HVAC as a whole. However, NJ CEP did not provide the project team with information in its database on the relative size of these units, or on the summer season electricity savings for the heat pumps. These data are important because some heat pumps save electricity during the winter.
In an effort to address these information gaps, the project team applied the following assumptions:
• Each measure saved the same amount of energy per unit, so the fraction of electricity savings attributable to central air conditioning was the same as the fraction of units that were central air conditioners.
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• Half the heat pumps were air-source and half were ground-source (affects peak versus off-peak calculations).
• Each heat pump achieved half of its annual electricity savings in the summer.
Our analysis is not significantly affected by these assumptions because the number of central air conditioners was 50 times greater than the number of heat pumps.
Another analytical challenge arose because the New Jersey protocols did not specify how to allocate electricity savings by season for Energy Star homes in the Residential New Construction program. We applied the allocation factors specified under the Comfort Partners Low Income Customers program because that program also focuses on whole-home energy efficiency 78 In this and other instances, NJ CEP had access to more extensive data but could not provide the data to the project team because of confidentiality concerns. With appropriate confidentiality agreements, such information might be used in a future analysis. 79 New School Construction & Retrofit was another area of interest that lacked data. Some schools could be closed during most of the summer season and thus be a marginal source of summer season electricity savings. However, we were informed that many schools in New Jersey, particularly new schools or those that were renovated during the program, would continue to be used during the summer for a variety of programs. We therefore assessed schools according to the OTC Workbook factor for Commercial Comprehensive New Construction Design.
The project team also identified analytical challenges that will need to be addressed with respect to combined heat and power (CHP) projects. At the time of our review, no CHP systems had been installed under the NJ CEP, but several had been approved for funding. When New Jersey officials begin to evaluate potential NO x emission reductions from CHP, they will need to address the following issues:
• CHP projects usually result in some additional emissions of NO x , which have to be measured or calculated, to determine the net emission reductions. • The energy savings are variable, depending on season and the allocation of the energy savings between electricity and process heat.
We recommend that New Jersey officials develop a data collection and analysis protocol to facilitate analysis of the CHP technology.
Degradation Factor
The Clean Energy Protocols include assumed system lifetimes. In many cases, New Jersey officials have accounted for system degradation by shortening the estimated system lifetimes or adjusting the deemed energy savings. We recommend using an annual degradation factor rather than fixed lifetimes to better reflect degradation in the near term.
An annual degradation factor also helps to account for the fact that some equipment is removed before the end of its useful life. Commercial buildings may be renovated, or new tenants may override the high-efficiency lighting or HVAC controls.
Renewable Energy
The RE analysis encountered numerous challenges, including limitations on available data and the need to supplement the New Jersey data with additional data sources. In analyzing solar electric generation, the project team supplemented the data provided by NJ CEP with a model developed by NREL to estimate electricity generation from the solar PV systems. Since no metered data were readily available to us for any of the solar generation funded under the CORE program, the project team employed the PVWATTS Version 2 Tool to meet this need. 81 The PVWATTS calculation was based on typical solar radiation from a location in south-central New Jersey. Other locations were examined as well: the highest resource location in the state showed summer generation as 4% higher; the lowest resource location showed summer generation as 4% lower.
NJ CEP collects data through a sampling process of PV systems that are 10 kW or larger for SREC trading. The program is considering a more active remote-reading approach to encompass a broader range of systems. Comparing the projected summer production from our analysis with the observed summer production from the NJ CEP sampling would be advantageous.
The team also employed the PVWATTS default factors to allow for power to be converted from DC to AC. This tool requires information about the direction of orientation and angle of tilt for the PV system considered. NJ CEP requires applicants to provide this information to receive a rebate, and tracks this information in a database. Because there were 344 systems, the project team grouped systems into categories of orientation and inclination to facilitate use of the PV WATTS tool. System orientation and inclination have a greater impact for year-round than for summer generation.
NJ CEP data were insufficient to provide a reasonable estimate of electricity generation and NO x emission reductions during the summer ozone season in 2005 from a wind project and two biomass (landfill gas) projects funded by the agency. For the wind project, the location, height, and type of equipment are critical to estimating ozone season generation. Actual records of generation are preferred for making this determination, and were not available to us. The importance of these site-specific protocols will increase as additional wind projects come on line.
Estimating the electric generation from landfill gas projects also requires site-specific data, which were not available to the project team. Actual generation is almost always metered, and those data could be made available in the program records. Landfill gas combustion emits significant direct NO x emissions, which must be compared to the emissions that are avoided when flaring is eliminated. 82 This comparative analysis could not be performed because the emission rates from the specific combustion systems were not available to the project team. In projecting future emissions from landfill gas, the rate of decline in landfill gas releases from the specific landfills over time need to be forecast.
The data available to the project team on the fuel cell projects funded by the NJ CEP were insufficient to estimate the 2005 generation and to determine whether such projects qualified as RE sources. The second problem has been resolved. NJ CEP has indicated that: "After a program modification in early 2004, only sustainably-fueled (landfill gas) fuel cells are eligible for rebates."
83 Generation records and technology-specific data also will be required to estimate generation and net avoided emissions of fuel cell projects. 81 See p. 10 (infra). 82 We understand that private companies have sought allowances for certain landfill gas projects. How they resolved these analytical issues is unclear. 83 New Jersey Clean Energy Programs Report, submitted to the New Jersey Board of Public Utilities, May 6, 2005, p. 30.
Lessons Learned
The MARO pilot project provides numerous lessons learned about emissions trading programs that are applicable to other states. These lessons involve issues of regulatory policy as well as methodological approaches.
First, the project underscores the importance of the state regulatory framework that governs NO x emissions trading. If state regulations limit the allocation of allowances to only fossil fuel-fired generating units, the state and local government agencies will be precluded, for all practical purposes, from obtaining SIP credit for RE or EE purchases or development. In other words, unless the state's NO x trading regulations provide a pool of allowances to reward RE and EE development or purchases and provide a mechanism for lowering the total cap of allowances, an important market driver and revenue stream for RE and EE will be lost.
State focus on NO x allocation regulations is particularly timely. EPA's new CAIR requires most states in the ozone transport region to submit to EPA enforceable plans by September 2006 for complying with the CAIR requirements. The new CAIR requirements will replace the state regulations under the NO x SIP Call for electric generating units and will govern NO x allowance allocation in 2009 and thereafter for such units.
The pilot project underscored several regulatory options that provide a pool of NO x allowances to encourage EERE measures. These options include:
• Allocate a percentage of NO x allowances into a so-called RE and EE set-aside to encourage RE and EE measures.
• Allocate a percentage of NO x allowance into a so-called attainment/public health reserve.
• Allocate allowances to all sources on an output basis (tons of emissions reduction per MWh) instead of a heat-input basis (used currently in most states and which covers only electric generators that burn fossil fuels).
• Allocate allowances to new sources on an output-basis. In addition, lessons learned from RE and EE set-aside regulations under the NO x SIP Call are helpful in crafting new CAIR rules for NO x trading. These lessons are highlighted in an EPA draft report titled State Set-Aside Programs for Energy Efficiency and Renewable Energy 84 This approach was adopted by the National Association of State Regulatory Commissioners in a resolution in the summer of 2004. This approach can encompass energy efficiency if a conversion factor is specified in the regulation. 85 The pilot project and these two recent reports underscore several important provisions that states should consider including in new CAIR rules that provide allowances to spur EERE. These provisions include:
• Authority for a developer and the state to aggregate small projects in an application for allowance allocation. For example, small solar PV projects alone will not qualify for allowances since such projects result in emission reductions far lower than one ton (the minimum allocation in most states). If project aggregation authority is not provided in the state rules, the RE and EE set-aside will likely be underused.
• Authority for a state energy office that administers incentive programs to apply for allowances relating to state-funded clean energy projects for owners and operators who have not applied on their own behalf. The state energy office could then retire these allowances to obtain SIP credit.
The pilot project highlights various methodological approaches that can facilitate the implementation of state regulations to reward RE and EE. Other states can benefit from employing some or all of the methodologies developed by the NJ CEP (and refined and expanded by the pilot project) to determine the emission reductions achieved by RE and EE measures. New Jersey's clean energy protocols and incentive allowance regulations allow NO x emission reductions to be estimated with a relatively small investment.
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States may want to consider the following specific methodological approaches in their CAIR regulations to facilitate the integration of energy and air quality goals:
• Employ protocols with stipulated electricity savings to assess the benefits of specific EE measures and use the New Jersey clean energy protocols as a starting point. Some variables may need to be adjusted, depending on the specific state and region (e.g., the assumed equivalent full load hours of operation of an air-conditioning unit), but the equations included in the protocols appear to be sound and transferable. States may alternatively follow an approach developed by the Texas Energy Systems Laboratory (in partnership with EPA) that is more detailed and includes more in-depth analysis. This latter approach may result in a greater emission reductions credit but at a much higher cost. This methodology, which identifies county-level emissions impacts of RE/EE measures based on the county in which the measure was implemented, is both possible and necessary in a statewith regions that are not subject to NO • Include seasonal allocation factors that define assumed electricity savings for specific types of measures in state protocols.
• Seek to fulfill the requirements for Energy Star ratings for residential construction and renovation and employ Energy Star energy modeling for home EE improvements. This approach can ascertain the likely effect of a combination of efficiency measures and will help promote the Energy Star brand.
• Determine electricity savings for specific measures by comparison to a typical new system for that load, and define the reference system in protocols. Determine electricity savings for comprehensive building improvements through energy modeling with an energy code as a reference.
• Examine the state's emission inventory and SIP and identify any assumptions about RE and EE that are already in the inventory. If the state intends to rely on RE/EE measures for SIP credit, it must ensure those measures are surplus to those included in the baseline.
